The increased urinary oxalate excretion which is characteristic of primary hyperoxaluria causes recurrent urinary calculi and nephrocalcinosis, with death at an early age (Hall, Scowen, and Watts, 1960; Hockaday, Clayton, Frederick, and Smith, 1964) , and no effective treatment for the disease has been reported. Glyoxylate is the main immediate metabolic precursor of oxalate, and if the enzyme or enzymes which catalyse the oxidation CHO COOH COOH COOH could be inhibited in vivo the urinary oxalate excretion should be reduced and renal damage averted. The enzymes which catalyse this oxidation of glyoxylate to oxalate in vivo have not been identified, but xanthine oxidase (xanthine oxygen: oxidoreductase (Enzyme Classification 1.2.3.2.)), aldehyde dehydrogenase (aldehyde: NAD oxidoreductase (E.C. 1.2.1.3.)), and aldehyde oxidase (aldehyde: oxygen oxidoreductase (E.C. 1.2.3.1.)) catalyse the oxidation of a wide range of aldehydes to carboxylic acids. Allopurinol , disulfiram (Graham, 1951) , and acetomenaphthone (Rajagopalan, Fridovich and Handler, 1962) inhibit aldehyde oxidations by xanthine oxidase, aldehyde dehydrogenase, and aldehyde oxidase respectively in vitro.
Experimental pyridoxine deficiency produces calcium oxalate nephrocalcinosis and urinary calculi in the cat and rat (Gershoff, Faragalla, Nelson, and Andrus, 1959a; Andrus, Gershoff, and Faragalla, 1959) . Faber, Feitler, Bleiler, Ohlson, and Hodges (1963) demonstrated hyperoxaluria in human subjects given pyridoxine-deficient diets, but hyperoxaluria was not observed in an infant with dietary Received November 22, 1966. pyridoxine deficiency (Scriver and Hutchison, 1963) . Gershoff, Mayer, and Kulczycki (1959b) (Wyngaarden and Elder, 1966) . Mayer, Al-Waidh, Karp, and Zinsser (1961) reported that most oxalate stone formers showed biochemical evidence of pyridoxine deficiency. This paper reports a study of the effects of giving allopurinol, disulfiram, acetomenaphthone, pyridoxine, and pyridoxine with folic acid, on the urinary oxalate excretion in primary hyperoxaluria. The oxalate excretion was also studied at two levels of protein intake.
Patients and Methods
The patients were in hospital but ambulant during the studies. Patient 1. She was an asymptomatic 7-year-old girl, height 119 cm., weight 22 -8 kg., with bilateral renal calculi, blood urea 62 mg./100 ml., and grossly raised urinary oxalate excretion (Table I) . Her clinical state remained unchanged during these studies. The parents are unrelated, and one sib has died from uraemia associated with renal calculi, systemic oxalate deposits (oxalosis) being demonstrated at necropsy. The patient's condition deteriorated about three months after the completion of the present studies, and she died from uraemia, widespread oxalosis being observed. During the present investigations she took a diet which provided 505 'Family 4' of Hall et al. (1960) .) His diet was unrestricted except that the high oxalate foods and citrus fruits were excluded. Patient 3. She was an asymptomatic 14-year-old girl, height 183 cm., weight 46-5 kg., referred to as 'Subject 3' in a previous study (Crawhall and Watts, 1962) . She had bilateral renal calculi, blood urea 34 mg. /100 ml., and grossly increased urinary oxalate excretion.
Urine collections. The urine was filtered quickly through a coarse filter paper (Greens no. 904i), while still warm, the filtrate being collected in a bottle containing conc. HC1(50% w/v); any calculi present were removed from the filter, and the paper was washed with approximately 10 ml. N.HC1, the washings being added to the main bulk of the filtrate. Analytical methods. The methods used were: (a) for oxalate-isotope dilution analysis-Dean and Griffin (1965) , except that Bray's (1960) The high oxalate foods and citrus fruits were both excluded from these diets (see text).
unaltered by large doses of pyridoxine, or by a combination of pyridoxine and folic acid (Table II) . It was also shown that doubling this patient's protein intake did not affect her urinary oxalate excretion (Table II) . Discussion The urinary oxalate excretion increases to adult levels by the age of approximately 12 years (unpublished data from this laboratory), and the present patients all had the grossly increased urinary oxalate excretion characteristic of primary hyperoxaluria. It is unlikely that a therapeutically useful diminution in the urinary oxalate excretion would have been obscured by rapid solution of calcium oxalate urinary calculi during these studies. Thus, in the analogous situation which arises when cystinuric patients are treated with penicillamine, the decrease in the urinary excretion is easily demonstrable when cystine stones are present (Crawhall, Scowen, and Watts, 1963, 1964) . It is also of interest that the calcium oxalate is less soluble in urine (about 150 mg./litre at pH 6 0, calculated from the data of Miller, Vermeulen, and Moore (1958) ), than cystine (about 300 mg./litre at the same pH value, Dent and Senior (1955) ).
The failure of the xanthine oxidase inhibitor allopurinol to reduce the urinary oxalate excretion in primary hyperoxaluria, even though an effective degree of enzyme inhibition was achieved as judged by the results of the uric acid and oxypurine determinations, agrees with our findings in non-hyperoxaluric subjects , and indicates that the role of this enzyme in oxalate production is not increased in the disease. Recent studies with hyperoxaluric patients' liver tissue (Gibbs and Watts, 1967) also showed that neither the over-all catalytic activity of the tissue, nor the extent to which this was mediated by xanthine oxidase, was increased in the disease. Similarly, the present negative results with disulfiram and acetomenaphthone suggest that aldehyde dehydrogenase and aldehyde oxidase, respectively, are either not responsible for the oxidation of glyoxylate to oxalate in vivo in primary hyperoxaluria, or that their inhibition can be compensated by increased activity of other enzyme systems.
Pyridoxine either alone or in combination with folic acid did not reduce the urinary excretion of oxalate in the present work. Hockaday et al. (1964) also mention that pyridoxine has been ineffective in the treatment of primary hyperoxaluria, though they give no details of the data on which this statement is based. The discrepancy between these results and those of Gershoff et al. (1959b) would be explicable if the metabolic pathway, the activity of which was altered by pyridoxine administration, contributes the same absolute amount of oxalate to the total urinary oxalate in primary hyperoxaluria as in normal subjects, this being small by comparison with the total urinary oxalate excretion in primary hyperoxaluria, but forming a large part of a normal subject's urinary oxalate excretion. In these circumstances fluctuations in response to pyridoxine administration, though apparent in normal subjects, might be no greater than the spontaneous fluctuations in the urinary oxalate excretion which occur in primary hyperoxaluria. McLaurin, Beisel, McCormick, Scalettar, and Herman (1961) report that two patients with primary hyperoxaluria had no symptoms of urinary stones after being given pyridoxine though they both continued to have grossly raised urinary oxalate levels. The rate at which urinary stones form in patients with primary hyperoxaluria is variable, and there seems no reason to regard the outcome in these cases as having been altered by pyridoxine administration. Ludwig's (1963) patient had a lower oxalate excretion than is usually encountered in the disease except when there is severe renal failure, and it is possible that her hyperoxaluria was due to a different metabolic lesion from that which was present in the patients studied here; it is also possible that some of the changes which he observed could have been due to spontaneous fluctuations in the urinary oxalate excretion.
It is concluded that the recent observations suggesting a relation between pyridoxine intake and the level of urinary oxalate excretion have no therapeutic application in the treatment of primary hyperoxaluria.
Summary
The possibility of reducing the urinary oxalate excretion in primary hyperoxaluria by giving drugs that inhibit some of the enzymes which are known to oxidize aldehydes to carboxylic acids, has been investigated. Allopurinol (a xanthine oxidase inhibitor), disulfiram (an aldehyde dehydrogenase inhibitor), and acetomenaphthone (an aldehyde oxidase inhibitor) did not alter the urinary oxalate excretion. Allopurinol and disulfiram, given together, and allopurinol, with acetomenaphthone, were also ineffective. Thus, these enzymes do not appear to be specifically concerned with oxalate production in primary hyperoxaluria.
Pyridoxine and pyridoxine plus folic acid, which have been previously reported to reduce the urinary oxalate excretion did not lower the urinary oxalate excretion in the present studies.
The urinary oxalate excretion was unaltered by restricting the protein intake.
It is concluded that none of these measures has any place in the treatment of patients with primary hyperoxaluria.
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